Sugar transport by the bacterial phosphotransferase system. Regulation of other transport systems (lactose and melibiose).
The role of the phosphoenolpyruvate-dependent phosphotransferase system (PTS) in the phenomenon of inducer exclusion was examined in whole cells of Salmonella typhimurium which carried the genes of the Escherichia coli lactose operon on an episome. In the presence of the PTS substrate methyl alpha-D-glucopyranoside, the extent of accumulation of the lactose analog methyl beta-D-thiogalactopyranoside was reduced. A strain carrying a mutation in the gene for Enzyme I was hypersensitive to the PTS effect, while a crr mutant strain was completely resistant. Influx, efflux, and exchange of galactosides via the lactose "permease" were inhibited by methyl alpha-glucoside. This inhibition occurred in the presence of metabolic energy poisons, and therefore does not involve either the generation of metabolic energy or energy-coupling to the lactose transport system. When the cellular content of the lactose permease was increased by induction with isopropyl beta-D-thiogalactopyranoside, cells gradually became less sensitive to inducer exclusion. The extent of inhibition of methyl beta-thiogalactoside accumulation by methyl alpha-glucoside was shown to be dependent on the relative cellular content of the PTS and lactose system. The data were consistent with an hypothesis involving partial inactivation of galactoside transport due to interaction between a component of the PTS and the lactose permease. By examination of the effects of the PTS and lactose uptake and melibiose permease-mediated uptake of methyl beta-thiogalactoside, it was further shown that the manner in which inducer exclusion is expressed is independent on the routes available to the non-PTS sugar for exit from the cell.